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In this work we study the radiative decay of dynamically generated J p — h charm baryons into 

the ground state J p = | + baryons. Since different theoretical interpretations of these baryonic 
resonances, and in particular of the A c (2595), give different predictions, a precise experimental 
measurement of these decays would be an important step for understanding their nature. 
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I. INTRODUCTION 

The research on charm hadron physics has experienced 
a renewed interest in the last years, after the discov- 
ery of a few meson states which could not be easily de- 
scribed as qq states of quark model potentials, such as 
the D s0 (2317), the D s i(2460) [JQ, in the open-charm 
sector, and the X(3872) [HI, the A73940) [3, 13, the 
^(3940) [H [13 or the .2(3930) [Hi, in the hidden- 
charm sector. There has also been a substantial amount 
of theoretical progress leading to the observation that 
some of these states could be interpreted alternati vely as 
molecules [bj - EEj , tetraquarks [26W29T ] , or hybrids [3(| • A 
similar situation is found in the baryon sector. Some of 
the newly observed charmed baryons states [31 39] , such 
as the J p = |" A c (2595) or the J p = f" A c (2625), 
can be interpreted as meson-baryon molecules that can 
be generated dynamically within coupled-channel unitary 
schemes j4^E|. 

The decay modes of a resonance may provide a way 
of learning about the nature of the state: whether it fits 
in the conventional ggg-baryon or qq-meson picture or 
it has a more exotic interpretation. In particular, the 
radiative decays into lower lying states may represent a 
significant part of the decay width when the hadronic 
modes are suppressed by phase-space restrictions or/and 
small values of the coupling constants. Note that electro- 
magnetic transitions are also useful in the determination 
of the quantum numbers of states decaying into a final 
hadron with well established quantum numbers. 

Radiative decays of ground state heavy flavored 
baryons have been studied within Heavy Hadron Chi- 
ral Perturbation Theory (HHCPT) jH^g -an approach 
which combines Heavy Quark (HQ) symmetry with the 
chiral symmetry in the light sector-, employing light-cone 
QCD sum-rules [53[, supplementing Heavy Quark sym- 
metry with a SU(27V/)xO(3) symmetry in the light di- 
quark system [54j , or implementing also dynamical effects 
for the internal quark structure of the hadrons within the 
relativistic three-quark model (RTQ M) [55l l56j or other 
non-relativistic quark models [57H59j . 

Many of the former approaches also have been ap- 
plied to obtain the radiative decays of excited heavy fla- 
vored baryons, such as the A c (2595). A first qualita- 
tive estimation was given in Ref. [g(| , where the HHCPT 
formalism was extended to include the lowest lying ex- 



cited baryon doublet, A c (2595) ( J p = \ ) and A c (2625) 

(J p = | ). The results of Ref. [HI] were obtained by 
exploiting the alternative light diquark SU(2iV/)xO(3) 
symmetry. Radiative decays of excited charmed baryons 
were also calculated within the relativistic quark model of 
Refs. [5^j56|. as well as using light-cone QCD sum-rules 
in Ref. [6l| All these works consider the excited heavy 
baryon as being an orbital excitation of the three-quark 
Qqq system with a unit of angular momentum inserted 
between the heavy quark Q and the light diquark q q. A 
different perspective is provided by the model of Ref. [62j j , 
which considers the excited A c (2595) and A c (2625) as be- 
ing D*N bound systems N in the first excited state of a 
harmonic potential adjusted phenomenologically to re- 
produce the s pin -averaged excitation energy, or by the 
model of Ref. [63| which considers the radiative decay of 
the A c (2940) in a hadronic D*N molecular picture. 

In the present work we study the radiative decays of 
excited baryons in the C = 1 sector. We focus on the 
resonances A c (2595), E c (2800), S c (2790) and S c (2970), 
all having J p = | , which have been generated as 
meson-baryon molecular states on several models based 
on coupled-channel dynamics [40M47l | . The radiative 
transitions to baryons of the J p — \ + ground state mul- 
tiplet proceeds, as we will see, through the coupling of 
the photon to the various meson-baryon components of 
the resonance, as determined by the coupled-channel dy- 
namical model of Ref. [47]. This is essentially different 
from the quark models for which, in the heavy quark 
limit, the photon only couples to the light diquark sys- 
tem. Therefore, a precise measurement of the radiative 
decays of excited heavy flavored baryons would help in 
understanding their internal structure. 

The radiative decays of dynamically generated charm 
mesons has already been addressed recently. In [64H66| . 
the radiative decay of the D* (2317) meson has been 
studied from the point of view that it is generated dynam- 
ically mainly from the interaction of the D meson with a 
kaon. Also radiative decays of the puzzling A (3872) has 
been calculated from the point of view that this state 
is a D* D + c.c. molecule (67j. More recently, many dif- 
ferent radiative decays of the controversial X, Y and Z 
states have been analyzed assuming that their structure 
is determined by the interactions of two vector mesons 

[eiHai 

This work is organized as follows: in the next sec- 
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tion we explain the model for generating dynamically with a, b, a and ft being 
the J p — i baryon resonances from the interaction of 



ground state baryons with pseudo-scalar mesons. In Sec. 
Illl we present the framework for evaluating the diagrams 
needed in the calculation of the radiative decays of the 
resonances. The results of the calculation are presented 
and discussed in Sec. IIVI and in Sec. |V]we present a brief 
overview and our conclusions. 



II. THE DYNAMICALLY GENERATED STATES 

In this section we will review the coupled-channel ap- 
proach employed in [47J to obtain dynamically generated 
open-charm baryon resonances. 

The scattering amplitudes T, which describe the scat- 
tering of the pseudo-scalar meson fields off the ground- 
state baryon fields can be obtained by solving the well- 
known Lipmann-Schwinger equation, which schemati- 
cally reads 



T = V + VJT . 



(1) 



The loop function J is the product of the meson and 
baryon single-particle propagators, and the scattering 
kernel V describes the interaction between the pseudo- 
scalar mesons and the ground-state baryons. Following 
the original work of Hofmann and Lutz [43j , we identify a 
i-channel exchange of vector mesons as the driving force 
for the s-wave scattering between pseudo-scalar mesons 
in 16-plet and baryons in 20-plet re pres entations. The 
scattering kernel takes the form (see [43[ for details) 



ve[w] 



t — TTiy 



(qi + qj)"u(pi) , 



(2) 



where the sum runs over all vector mesons of the SU(4) 
16-plet, (p, K\ K*, u, 0, D*, D*, D*, D* s , J/*), m v 
is the mass of the exchanged vector meson, g is the uni- 
versal vector meson coupling constant, Pi,qi (Pj,qj) are 
the four momenta of the incoming (outgoing) baryon and 
meson, and the coefficients Cy.y ,C ^ denote the strength 
of the interaction in the different isospin (/) , strangeness 
(S), charm (C) sectors, and meson-baryon channels 
For the coupling constant g we use the value 6.6, which 
reproduces the decay width of the p meson [Til] . The 
s-wave projection of the scattering kernel is easily ob- 
tained and, in the center-of-mass (cm.) frame, it takes 
the analytical form 
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\ - r {i,s,c) 

VG[16] 



2ft 
b 



ab — fta ( a + b 



b 2 



In 



(3) 



a = mf + rrij — 2u>i(\ki\)u)j(\kj\) - m v 
b = 2|fe f ||jfe 3 -| 

a = Q i {\h\)+fl j {\k j \)-M i -M j 



-(fyflfcj-O-nifl&D + Mi-M,-) 
\h\\kj\ 



{E i (\k i \)+M i )(E j (\k j \)+M j 



(^(N) + ^(N) 



M, + Mi 



2 2 

mi, — mf 



(0 J -(|fc j |)-n i (|fc i |) + M 7 --M i ) ,(4) 



where ki,kj are the initial and final relative momenta, 
rrii, rrij, Mi, Mj are the masses of the incoming and 
outgoing mesons and baryons, a>i(|fcj|), u)j(\kj\), Ei(\ki\), 
Ej(\kj\) their corresponding energies, which have been 
taken to be their on-shell values, and f2(|fc|) stands 
for the total energy w(|fc|) + of the meson- 

baryon pair. The factor N = [(E(\ki\) + Mi)(E(\kj\) + 
Mj) I (AMiMj)] 1 / 2 comes from the normalization of the 
Dirac spinors. 

Once the scattering kernel has been constructed, it can 
be inserted in the s-wave projected Lipmann-Schwinger 
equation, 



dk 

n\k\)vZt?(^k)J m ( V~s, k)T%W$, k h V~s) 



where the loop function J explicitly reads 



2E m (\k\p m {\k\) 
1 



(5) 



(6) 



Is - E m (\k\) - co m (\k\) + if] 



and a dipole-type form factor F(|/c|), 



F(\k\) = 



A 2 



A 2 + \k\ 2 



(7) 



have been introduced in order to regularize the inte- 
gral. This form is typically adopted in studies of hadron- 
hadron interactions within the scheme of Lipmann- 
Schwinger- type equations in the light flavor sector [72j . 
The value of the cut-off A is a free parameter of our model 
that is fitted to the existing data. In Table U we collect, 
from the resonances generated dynamically in Ref. [I?} 
in various C = 1 sectors, those states that, using a cut- 
off value of around 1 GeV, can be readily identified with 
observed resonances [71| . 
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TABLE I. Masses and widths of states that can be identified 
with well established resonances in various sectors of C = 1. 





A 
i v 

[MeV] 


_l iicui y 

m r r 

[MeV] [MeV] 


£!jXJJcI IIIlcllL 

m r ' r 

[MeV] [MeV] 


(0,0) 
A c 


903 


2595 0.5 


2595.4 ± 0.6 3.6^3 


(1,0) 

e c 


1100 


2792 16 


2801+* 75 + ^ (E++) 
2792+1 4 62+6° (E+) 
2802±* 61±S 


(1A-1) 


980 
960 


2790 0.5 
2970 5.1 


2791.8 ±3.3 < 12 (3") 
2968.0 ± 2.6 20 ±7 (3°) 



TABLE II. Coupling coefficients gRBM of the A c (2595) pole 
to the different channels 





gRBM 


MB 


2595 + i0.25 [MeV] 


7rE c 


0.06-i0.31 


DN 


—0.13 + ill 


r?A c 


-0.005 ±i0.42 


KE C 


-0.006 ±i0.52 


KE' C 


0.03 - i0.23 


D S A 


-0.06 + i6 


V Ac 


-0.01 + i0.69 


r? c A c 


0.02 - i2 


DH CC 


0.007 ±i0.05 



In order to associate a given enhancement of the scat- 
tering amplitude to a resonance, we look for a charac- 
teristic pole, Zr, in the unphysical sheet of the complex 
energy plane. Our prescription of unphysical sheet is 
such that, whenever the real part of the complex energy 
crosses a meson-baryon threshold cut, the sign of the on- 
shell momentum is changed for this channel and for the 
already opened ones, as described in detail in Ref. [73|. If 
the pole zr lies not too far from the real axis, its value de- 
termines the Breit-Wigner mass (M = Re zr) and width 
(r = 2 Imzfl) of the resonance as seen from real energies. 
The couplings of the resonance into its various meson- 
baryon components are obtained from the residues of the 
scattering amplitude since, close to the pole, it can be 
parameterized in the form: 

T^f (k i ,k j ,z) = -^- (8) 

Note that the value of the coupling constants of Eq. © 
depends on the particular momentum values chosen in 
the evaluation of the T-matrix element. However, this 
dependence is very mild and we have obtained the cou- 
plings from the amplitudes at ki — kj = 0. The values 
of the couplings of the resonances to the various charged 
meson-baryon states are listed in Tables [TT] to IIVI 



III. RADIATIVE DECAY CALCULATION 

The reaction we study is given by: 

B*(P iX i)^7(K,e)B(Q, X f) (9) 

where P, K and Q are four-momenta which are related 
by P — K+Q, e is the photon polarization and Xi an d Xf 
are the polarization of the initial and final spin ^ baryons 
B* and B, respectively. 



TABLE III. Coupling coefficients Qrbm of the E c (2792) pole 
to the different channels 





gRBM 


MB 


2792 + 28.16 [MeV] 




0.19±i0.53 


7tE c 


-0.28 ± i0.12 


DN 


-0.60 - i3.6 


KE C 


0.31 ±i0.28 


r?E c 
KE' C 


0.06 - i0.21 


-0.13 ± i0.24 


DsT, 


0.42 + i3.1 


7?'E C 


-0.05 - i0.35 


DE CC 


0.22 ±i0.28 


7? C E C 


0.13 +il 



TABLE IV. Coupling coefficients g RB M of the H c (2790) and 
H c (2970) poles to the different channels 





gRBM 


MB 


2790 ± i0.25 [MeV] 


2970 ± i2.5 [MeV] 


TvE c 


0.01 +i0.06 


0.008 - i0.37 


TyE' c 


+ i0.002 


-0.25 - i0.08 


KA C 


-0.06 - i0.22 


0.1±i0.17 


KT, C 


-0.003 -il.5 


-0.17±i0.03 


DA 


0.08 -i2.1 


-0.21 -i3. 2 


VE C 


-0.07-z0.33 


0.08 - i0.02 


DE 


-0.03 + H2. 


-0.07-il.76 




-0.001 - i0.73 


-0.02 - i0.05 




-0.003 ± i0.08 


-0.21 ±i0.15 


D S E 


-0.08±i6.54 


0.18 + i2.8 


V'E C 


0.005 - z0.76 


-0.007 -i0.08 




0.004 ±i0.16 


-0.01 -i0.31 




0.04 + i0.44 


-0.02 - iO.006 


DQ, CC 


-0.03 ±i0.03 


-0.03±i0.04 


rjcEc 


-0.007 - il 


0.05 +i0.91 


ilcE' c 


-0.01 - i0.46 


0.04 + i0. 9 
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FIG. 1. Diagrams needed for the evaluation of the radiative 
decay of dynamically generated baryons. 



For the evaluation of these radiative decays, we follow 
a gauge invariant scheme already used for non-charmed 
resonances [73 - T77j . As shown there, the mechanisms for 
the decay of the resonance B* into jB are given by the 
diagrams of Fig. [T] where the photon couples to the con- 
stituent mesons and baryons. The amplitude for the ra- 
diative decay has the structure: 



-iM = T uv e l 



(10) 



with (jju = (0,(?), where Oi are the usual Pauli matrices. 
For the tensor T M „, there are five possible independent 
Lorentz structures that one can construct with the two 
independent four-momenta: 

+ dK^P v + eK t *K' J (11) 

This expression is simplified by noting that, due to the 
Lorentz condition t v K v = 0, the terms with the coef- 
ficients c and e in Eq. (fTTj) will not contribute to the 
radiative decay amplitude of Eq. (fTU| . Moreover, gauge 
invariance imposes T^K" = and we obtain: 



(a + d(P.K))K» + b{P.K)P» 







(12) 



from where we conclude that 6 = 0, while a and d are re- 
lated through a = —d(P.K). Finally, working in the rest 
frame of the decaying baryon (P — 0) and taking the 
Coulomb gauge (e° = 0), only the a term contributes to 
the amplitude. The a coefficient is more easily calculated 



through the d coefficient, using the above mentioned rela- 
tion. This is so because, as we will show, the integral for 
evaluating the d coefficient converges and it receives con- 
tributions from only the (b) and (c) diagrams of Fig. [T] 
The amplitude for diagram QJb) is given by: 



i-M = ic/RBM 9B BM 9jM M 

1 2m B 



(2tt) 4 (q - K) 2 - m 



M 



X 



g* - 
X (2q 



m 2 M (P 
K).e 



-Xf(q - K).(7 Xl 



(13) 



where qrbm is the coupling of the resonance to its meson 
and baryon constituents, qbbm is the coupling of the 
baryonic current to a meson, g-yMM is the coupling of 
the meson to a photon, and m,M and are masses of 
the meson and baryon in the loop, respectively. Using 
the Feynman parameterization 



1 

abc 



= 2 



dx 



dy 



and the identity 



(x(a-b) + y(c-b) + bY 



1 



2 s + ie 



(14) 



(15) 



together with the relation between the a and d terms 
of the amplitude, one finds the following contribution of 
diagram Hfb) to the a term: 



— iM? h ) = Qrbm9bbm9~iMM 



2m B 
(4tt) 2 



dx 



dy 



x(y - 1) 



2P.K 



(P 2 (l-x)-m 



' M 



-2yP.K)-m 



2 

M 



(16) 
(17) 



Analogously, one can calculate the contribution coming 
from the diagram in Fig. Q] (c) as: 



iA^" c ) = 9rbm9bbm9~iBB 



2m B 
(4tt) 2 



dx 



dy 



x 



-yx 



s + it 
x{P 2 (\-x)- 



2P.K 



i 2 B -2yP.K) 



(18) 
(19) 



With respect to the couplings appearing in Eq. ([T| 
and Eq. (|18p , the values of gRBM , relating the resonance 
to its constituents, are listed in TableslTIltolIVIof previous 
section, where the channels appearing there are given in 
the isospin basis. The couplings of the mesons to the 
photon, g-yMM, and those of the baryons to the photon, 
g^BB, are eQ where Q is the electric charge (—1,0, 1 or 
2) of the meson or the baryon which emits the photon. 
Finally, the coupling of the mesons to the ground state 
baryons is given by: 



9bbm — a i 



D + F 



D-F 



2/ 



(20) 
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where D + F=1.26, D-F=0.33 /78). We have taken / = 
1.15/jvf with f M = f n = 93 McV for light mesons and 
Im = Id — 165 MeV for heavy mesons. The coefficients 
on and Pi, which depend on the SU(4) flavor structure of 
the interaction, have been obtained from the Lagrangian 
for the interaction of the ground state spin i + baryons 
and the pseudo-scalar mesons, which is constructed in 
the following. 



Our prescription of field definitions for the baryons and 
mesons is that of Ref . [43| . The baryons are represented 
by a three index tensor B i3 , antisymmetric in the first 

I 



two indices, where i, j and k run from 1 to 4: 



B 



342 



_L^'+ L"+ R 144 = "++ R 213 2 a 



= 4e 







f 



A, /3 232 = E~, B ASA = E~, 



B 124 = ^=A C , /3 i4i = -E++, /3 14 ^ = 

£143 
6 231 
^234 
g243 

£}313 _ ~0 g314 



1 



1 



V2 c V6 
2 
sqs 



233 _ — - 



V2 %/6 

2 s o 6 24i = 1 E + _ 1 Ac , S 242 = E°, 

_"'0 4_ _L~0 R244 _ K 311 _ y + 



^+ R341 _ 



1^+ a. 

c ' 



i=s' c - -Is* s 343 = n OJ s 344 = o cc (2i) 



The pseudo-scalar meson field is represented by a matrix: 



' V2 ^ v/6 ^ V^2 



'te I Vis 

K° 

-D+ 



K+ 
K° 



V6 



D+ 



D° \ 

-D~ 



2V8 _|_ ?)15 T-)- 

VT2 



z5a 



(22) 



12 / 



The Lagrangian for the BBM interaction reads: 



/2 4 



4/ 

J i,j,k,l=l 

- 2{D - F)d^ jl B Uk 



(23) 



Note that the physical 77, 7/ and r\ c fields are related 
to the mathematical rjg and 7715 fields, belonging to the 
pseudo-scalar meson fifteen-plet, and the singlet 771 field. 
The mixture is given by: 



( 111 \ 




Vs 




V Vl5 J 





2V3 

2V2 
3 



V * 



V2 
6 3 



V3 
2 













■ (24) 




UJ 





Therefore, in order to obtain a Lagrangian for the phys- 
ical fields, we we need to add to Eq. (|2"3")l an interaction 



of the baryon current with the singlet field 771 : 

&BBM = £bBM 

n 1 4 

+jj(D6 D + F6 F )- £ Bijk^Bijkd^m , (25) 

i,j,fe=l 

where the coefficients Sd = — and 8p = -7^ are ob- 
tained by consistently imposing that processes where the 
?7 C meson couples to light baryons (N, A, E or S) should 
vanish. 

The complete Lagrangian C' BBM of Eq. (|25l) allows 
us to determine all coupling constants qbbm-, which we 
write in the form of Eq. (|2TJ|) . The specific values of the 
oti and fa coefficients for all the transitions needed in the 
different radiative decays are collected in Tables IVII to [X] 
of the appendix. 

With all the required ingredients having been estab- 
lished, one can finally obtain the the radiative decay 
width from: 



r = i 

7T 



E, 



m B 



(26) 



6 



where E 1 is the photon energy, Mf — + M" c y 

and the sum runs over all contributing intermediate MB 
channels. 



IV. RESULTS 



We evaluate the following radiative decays: 




A (9W>) — 5. A 'v 




A f2fSQ, ( Sl —s- 


(28) 




(291 


yi ++ f2792l — ■> T, ++ ^ 








£°(2792) -> S° 7 


(32) 


S+(2790)^S+ 7 


(33) 


2^(2790) -> ~° 7 


(34) 


- + (2790) ^+7 


(35) 


S°(2790)^S^ 7 


(36) 


S+(2970)^S+ 7 


(37) 


~°(2970) -> S° 7 


(38) 


S+(2970)^S^+ 7 


(39) 


S°(2970) -> S^°7 , 


(40) 



for A c (2595), £ c (2792), S c (2790) and S c (2970), which 
are the resonances that, according to the models of 
Ref . [iol - |47T | , can plausibly be interpreted as dynamically 
generated meson-baryon molecules. 

We start showing the results for the A c (2595), which 
is the analog in the charm sector of the A(1405) in the 
strange sector and, therefore, is a good candidate for be- 
ing a meson-baryon molecular state. The radiative decay 
widths are: 

rA c( 2595)^A c7 = 278 KeV (41) 
r A c (2595)^ 7 = 2 KeV . (42) 

These values are also collected in Table [V] where the 
contribution to the width coming from each intermedi- 
ate channel is also shown, together with the sign, (+) or 
(— ), of the corresponding amplitude. This allows one to 
analyze the constructive or destructive character of the 
interferences between the various channels. First of all, 
we note the tremendous difference in size, of two orders 
of magnitude, between the radiative decay rate of the 
A c (2595) into A c 7 and S+7 states. To understand the 
origin of this difference we focus on the most important 
contribution, which corresponds to the D + n intermedi- 
ate state in both cases. First of all, the ratio between 
the couplings D + n — > A c and D + n — > £ + is 3.8, as can 
be inferred from the a and j3 coefficients of Table IVII 
Moreover, the different kinematical variables of the two 
processes produce a D + n loop which is, for A c 7 decay, a 
factor 2 larger than for £ + 7 decay. The square of this 
two factors, together with the ratio of photon energies, 
which are E 1 = 290 MeV for A c 7 and £ 7 = 138 MeV 



for E+7, explain the factor 100 difference between the 
D + n contributions to both decays. We also note that 
there are constructive interferences between the most im- 
portant contributions (D°p, D + n, D+A) to A c 7 decay, 
which enhance even further this rate compared to the 
S+7 one. 



TABLE V. Results for the radiative decay of the A c (2595) 
compared with other theoretical approaches. The sign in 
brackets indicates the sign of the amplitude, so one can know 
when the interference between the channels is constructive or 



destructive. 


Channel 




[55J 


[61] 


f62] 




[55] [61] 




[KeV] 


[KeV] [KeV] [KeV] 


[KeV] 


[KeV] [KeV 




l-2(+) 








0.3(-) 




7T°S + 


<0.1(+) 













7T-E + + 


0.7(-) 








0.2(-) 




D°p 


9.1(+) 








0.1(+) 




D+n 


83.4(+) 








0.8(-) 




TjAc 


<0.1(+) 













K + E° c 


<0.1(+) 








<0.1(+) 




K°E+ 


<0.1(+) 








<0.1(-) 




K+E' c ° 


<0.1(+) 








<0.1R 




K°E'+ 


<0.1(+) 








<0.1(+) 




D+A 


13.5(+) 













v'Ac 


<0.1(+) 













VcAc 


<0.1(+) 













D°~ + 


<0.1(+) 








<0.1(-) 




DS ++ 

^ — 'CC 


<0.1(-) 








<0.1(-) 




Total 


278 


115 


36 


16 


2 


77 11 



In Table [V] we also compare our results to those ob- 
tained by other calculations performed within the rela- 
tivistic quark model [55|, using light-cone QCD sum-rules 
lull, or adopting a bound D*N picture for the A c (2595) 
|62{ . We observe a large diversity of results. Note also 
that the two orders of magnitude difference between the 
radiative decays into A c 7 or E c 7 states found in the 
present work is not obtained by any of the other mod- 
els displayed in Table El nor by the HHCPT results of 
Ref. [60] , which estimated partial widths of the same or- 
der of magnitude. Obviously, the tremendous differences 
between models calls for a measurement of these decay 
modes which could bring essential information about the 
nature of the A c (2595). 

The radiative decays of the other resonances, for which 
there is no experimental observation nor other theoretical 
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predictions, are: 



£+ + (2792)^ 




= 51 KeV 




"nt (2792)- 




= Z9 rvev 


(AA\ 

(44) 


Ti;0(2792) 


^£° 7 


= 9 KeV 


(45) 


^S+(2792)->A c7 


= oo rvev 


(4b) 


r H+(2790)- 


^H+ 7 


= 24o KeV 


(47) 


r~°(2790) 




= 117 KeV 


(48) 


^- + (2790)- 


^1 


= 1 KeV 


(49) 


rH»(2790)- 




= 1 KeV 


(50) 


^- + (2970)- 




= 55 KeV 


(51) 


r~°(2970) 


->H« 7 


= 2 KeV 


(52) 


^- + (2970)- 


►aSN 


= 40 KeV 


(53) 


^0(2970)- 


+H? 7 


= 9 KeV 


(54) 



It would also be interesting to see whether our predic- 
tions, based in a molecular picture for these resonances, 
are also very different from those obtained in quark- 
model theoretical approaches. 

V. CONCLUSIONS AND OVERVIEW 

We have studied the radiative decay width of charmed 
baryon resonances, which have been obtained as poles 
in the T-matrix of a coupled channels dynamical model 
and, therefore, they are interpreted as composite meson- 
baryon molecular states. 

We have obtained a sizable value for the one-photon 
radiative width of the A c (2595). This resonance decays 
radiatively mostly into A c 7 states, with a partial rate of 
r y Y c (2595)- i .A c 7 = 278 KeV, while only a tiny amount of 
the width, T A ( 2 595)^s+ 7 = ^ KeV, is due to the decay 
into E c 7 final states. Our results are very different, in 
size and distribution among decay channels, to what is 
found by other approaches in the literature. 

We have also presented predictions for the radiative de- 
cay of other excited charmed baryons. The radiative de- 
cay widths of the S c (2800) and S c (2970) resonances are 
found to be relatively small, of the order of a few tenths 



of KeV. However, the transitions S c (2790) + — > S+7 and 
S c (2790)° — > are substantially larger, worth explor- 
ing experimentally. 

The sizable value of some widths, especially those of 
the A(2595) and the S c (2790) resonances, makes the 
study of these radiative reactions a very useful tool to 
obtain information about the characteristics of these 
charmed baryons. 
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Appendix A: Baryon-baryon-meson coupling 
constants gsBM 

This Appendix gives the values of the coefficients a» 
and j3i that define, according to Eq. (|20l) , the BBM cou- 
pling constants gsBM, needed in the diagrams that de- 
termine the various radiative decays. 
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TABLE VI. The a and P coefficients for the channels involved 
in the radiative decay of resonances into A c and Y>+ 



MB 


Ac 

Q 
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p 




1 

%/3 
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-1 


^°e+ 


1 

V3 


1 








7T-E + + 


~7! 


1 

73 
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2 

^3 
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1 


D+n 


2 
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1 


r?A c 
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3\/3 


5\/2 
3V3 
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_ 1 
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5 
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1 

7E 


1 

vTT 
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1 
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5 
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1 


1 

~V6 


K+E'° 


1 

7S 


1 


1 

V2 


1 
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1 

V6 


1 
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V2 


1 

" V2 
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V2 
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7T A c 
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V 3 
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- 


-V2 










1 

V3 


1 

" V3 
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- 


-V2 



TABLE VII. The a and P coefficients for the channels involved 
in the radiative decay of resonances into E + and E'+ 
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TABLE VIII. The a and /3 coefficients for the channels in- 
volved in the radiative decay of resonances into H° and HJP. 
We only show the coefficients for channels with charged par- 
ticles. 



TABLE X. The a and /3 coefficients for the channels involved 
in the radiative decay of resonances into E+ + . We only show 
the coefficients for channels with charged particles. 
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TABLE IX. The a and /3 coefficients for the channels involved 
in the radiative decay of resonances into E°. We only show 
the coefficients for channels with charged particles. 
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